introduction
The transfusion rate after total knee replacement (TKA) varies from 10% to 90%. [1] [2] [3] [4] Allogeneic blood transfusion may transmit diseases, such as HIV, hepatitis B and C, despite donor screening, 5, 6 whereas allergic reactions may cause minor febrile reactions to fatal ABO blood group incompatibility. [7] [8] [9] In addition, high volume transfusion is associated with periprosthetic infection, fluid overload, and increased hospital stay. 1, 2, 10, 11 Methods to reduce the need for allogeneic blood transfusion have been studied. 11, 12 Without transfusion, outcomes for patients are not compromised and may even be improved with the use of blood-conserving measures. 13, 14 Preoperative measures include the use of erythropoietin 15, 16 and autologous blood transfusion. 17, 18 Operative measures include modification of surgical technique such as the use of a bone plug in the intramedullary canal, 19 avoiding intramedullary canal violation, 20 use of a tourniquet, haemostasis with or without tourniquet release, use of tranexamic acid, and use of a cell saver. 3, 21 Postoperative measures include lowpressure drainage or no drainage, [22] [23] [24] and use of a compression bandage and autotransfusion of drained fluid. 25 Restrictive transfusion protocol and lower transfusion trigger point are effective in reducing allogeneic blood transfusion, 4, 14, 26 but result in a low cross-match to transfusion ratio 27, 28 and wastage of unused matched blood.
1,2 Since October 2011, our hospital has introduced a blood management protocol for TKA to reduce unnecessary crossmatching and allogeneic blood transfusion without increasing surgical risk and hospital expense. This study compared the results of 2 cohorts who underwent TKA before and after the introduction of the protocol. simultaneous bilateral TKA or revision surgery were excluded, as were those with a history of heart disease or cerebrovascular accident. All TKAs were performed through the medial parapatellar approach with the use of a tourniquet and involved a posterior-stabilised implant, a bone plug in the intramedullary canal or navigation without canal violation, cementation, haemostasis with a tourniquet on, a compression bandage, lowsuction pressure drainage at 200 mm Hg for 24 hours, and a foot pump for deep vein thrombosis prophylaxis. Patients with a history of venous thromboembolism or a body mass index of >30 kg/ m 2 were given subcutaneous enoxaparin 40 mg daily until discharge.
Materials and Methods

Records
Before introduction of the protocol, patients were cross-matched for blood before surgery. Transfusion after surgery was at the discretion of the surgeons or the on-call doctors. After introduction of the protocol (Fig.) , only patients with a preoperative haemoglobin level of <110 g/l underwent 'type and screening' of blood group. 2 units of blood were cross-matched preoperatively when multiple red-cell antibodies were identified or postoperatively when blood transfusion was required. Only patients with a postoperative haemoglobin level of <80 g/l or being symptomatic received a blood transfusion until the haemoglobin level reached >100 g/l. Those with a postoperative haemoglobin level of 80 to 100 g/l were given iron sulphate 300 mg twice daily for a month.
Categorical data was compared using the Chi squared test and numerical data with the independent t test. A p value of <0.05 was considered statistically significant.
results
The 2 groups did not differ significantly in age, sex ratio, pre-and post-operative haemoglobin levels, and drain output (Table) . Comparing outcome before and after introduction of the protocol, the transfusion rate (10.3% vs. 3.1%, p=0.046), crossmatch rate (100% vs. 3.1%, p<0.001), and crossmatch to transfusion ratio (9.7:1 vs. 1:1, p<0.001) decreased. Among transfused patients, the decreased postoperative haemoglobin level indicated a lower transfusion trigger point (100 g/l vs. 75 g/l, p<0.006) No patient developed infection, cardiovascular or cerebrovascular complications within 30 days.
discussion
Preoperative autologous blood donation is timeconsuming and difficult for elderly patients. Most of the predonated blood is not transfused and thus wasted. 2 The relatively short operating time of TKA does not justify preoperative autologous blood donation. Intra-operative bleeding is minimal when a tourniquet is used, and most bleeding occurs postoperatively. Autotransfusion of drained fluid is less expensive but requires a special drainage system 21 and is associated with risks of febrile reaction, infection, thromboembolism, air embolism, fat embolism, and clotting disorders. The mean amount of 250 ml of drained fluid within 24 hours does not justify its use. A lower transfusion trigger point is useful in reducing red cell transfusion, 14, 26, 29 and is associated with lower infection and respiratory complications without an increase in hospital stay or mortality. A postoperative haemoglobin level of ≥80 g/l was considered to be safe in patients without cardiac diseases, whereas a haemoglobin level of 70 to 80 g/l is associated with increased morbidity. 30 In our blood management protocol, a postoperative haemoglobin level of <80 g/l was the trigger point for transfusion; the transfusion rate reduced from 10.3% to 3.1% without any increase in morbidity and mortality. Our protocol restricted preoperative typing and screening to patients with a preoperative haemoglobin level of <110 g/l, as the mean haemoglobin drop is around 25 g/l. After introduction of the protocol, the rate of typing and screening was 5.2%, the rate of cross-matching was 3.1%, and the cross-match to transfusion ratio was 100%. This study confirms the idea of maximal surgical blood ordering schedules in reducing blood wastage.
conclusion
The blood management protocol with restrictive typing and screening, cross-matching, and transfusion is effective in reducing wastage of unused crossmatched blood and the rate of blood transfusions without increasing morbidity or mortality in patients undergoing primary TKA.
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